JP-A-2002-298439 



1/22 pages 



(1 1 )Publication number : 2002-298439 
(43)Date of publication of application : 11.10.2002'^ 



(51)Int.CI. 



G11B 7/24 
G11B 7/004 



(21)Application number : 2001-098495 



(22)Date of filing : 



30.03.2001 



(71) Applicant : TOSHIBA CORP 

MITSUBISHI CHEMICALS CORP 

(72) Inventor : ICHIHARA KATSUTARO 

TODORIKENJI 
KAMIYAITARU 



YOSHIE KENIOHI 



I. 



(54) OPtlCAL RECORDING MEDIUM AND REPRObUCING METHOD 
(57)Abstract: 

PRQBLEiyi TO BE SOLVED; To provide a technology by which a 
super-resolution effect can fully be obtained. 
SOLUTION: An optical recording medium X is detachably or . 
undetachably mounted on a reproducing device which uses light 
converged by a focus lens for reproduction of infor^^^ and is 
provided with a layered structure having a thin film recording part 4 
and a super-resolution, film; 3, in which an. optical- constant changes 
according. to irradiated light intensity, and,a substrate 2 to support 
the layered strupture. The film thickness Ts, of^vthe super- ^ . 
resolutipnafilmj3,> light wavelength? A; and:theji.numer^^^^ NA 
of th% focusrLeps satisfy, a relation illustrated incithe Jnequality:- 
Ts>Q.5j>< a/NA2).L:^.^ ^: 
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1. This document has been translated by connputer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
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CLAIMS 

[Claim(s)] 

[Claim 1] It is the optical recording medium carried in the regenerative apparatus using the light converged 
on informational playback with the focal lens, the substrate which supports a laminated structure and said 
laminated structure with the super resolution film from which an optical constant changes according to the 
thin film Records Department and exposure light reinforcement is provided, and the thickness Ts of said 
super resolution film, and the wavelength lambda of said light and the numerical aperture NA of said focal 
lens are inequality:Ts>0.5x (lambda/NA 2). 

The optical recording medium characterized by being alike and satisfying the shown relation. 

[Claim 2] Said thickness Ts is an optical recording rhediuni according to claim 1 characterized by being 

thicker than 0.32 micrometers. ' 

[Claim 3] Said thickness Ts is an optical recording medium according to claim 1 characterized by being 

thicker than 0.90 micrometers. - 

[Claim 4] Said thickness Ts is an optical recording medium according to claim 1 chairacterized by being ^^ 

thickerthan 1.56 micrometers. ' = ; . : : . .. . : , 

[Claim 5] The light converged from said super resolution filnri side with the focal lens towards said thin film 

Records Department to the optical recording medium equipped with the substrate which supports a 

laminated structure and said laminated structure with the super resolution film from which an optical 

constant changes according to the thin film Records Department and ekposure light reinforcerrientMs « - 

irradiated. By detecting the reflected light from said optical recording medium, it includes reading the ^ 

information recorded on said thin film Records Department, and the thickness Ts of said super resolution 

film, and the wavelength lambda of said light and the numerical aperture NA of said focal lens are read-out 

of said information Inequality:Ts>0.5x (lambda/NA 2) 

The playback approach characterized by carrying out under the conditions with which are resembled and it 
is satisfied of the shown relation. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the playback approach which reproduces the information 
recorded on the optical recording medium and such an optical recording medium which are applied to an 
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optical recording medium and the playback approach, especially have the super resolution film. 
[0002] 

[Description of the Prior Art] The optical disk memory which performs playback or informational record, 
and informational playback has the description which is large capacity and which rapid access is possible 
for and was [ make / desorption of an optical disk / possible ] excellent by irradiating a light beam. 
Therefore, such memory is put in practical use as storage which saves data with various voice, images, 
calculating-machine data, etc., and it will be expected from now on that it spreads further. 
[0003] As a technique for carrying out densification of the optical disk more, it considers shortening more 
wavelength of the gas laser used for cutting of original recording, short-wavelength-izing the 
semiconductor laser which is the light source of operation, raising the numerical aperture of an objective 
lens more, making thinner the optical incidence side substrate of an optical disk, etc. Furthermore, about 
the optical disk in which not only playback but record is possible, various approaches, such as mark length 
record and land groove record, are considered. 

[0004] In addition to these densification technique, the super resolution technique using the super 
resolution film is proposed as a technique in which densification can be realized effectively. Fundamentally, 
according to exposure light reinforcement, this super resolution film consists of an ingredient from which 
an optical constant changes nonlinearly and reversibly, and is prepared in that optical incidence side to the 
recording surface of an optical disk. 

[0005] For example, if a gauss mold beam is used as incident light when it designs so that the light of low 
strength may not penetrate the optical response of the optical disk which has the super resolution film and 
the light of high intensity may be penetrated, since the periphery section of the beam is low strength, it 
does not reach a recording surface, but only the beam center section of high intensity will reach a 
recording surface, and it will contribute to informational record and playback. This means that the diameter 
of the bearh spot in a recording surface is extracted rather than the beam diameter of incident light. 
Therefore, according to the super resolution technique, it becomes possible to read the information 
recorded as a mark of forming the record mark of the size of under a diffraction limitation, and such size. 
[0006] Some disclosure is made in relation to the super resolution technique mentioned above. For 
example, with the optical recording medium which has the super resolution film designed so that the high 
super resolution effectiveness might generally be acquired at the time of record, in the time of record and 
playback, since beam reinforcement differs remarkably, JP,1 1-273148,A cannot acquire the high super 
resolution effectiveness at the time of playback, therefore is tackling the problem that it is necessary to 
use optical system separate to record and playback for realizing high resolution at the time of playback. 
JP.1 1-2731 48,A is indicating that it becomes possible to read the information recorded as a mark of 
forming the record mark of the size of under a diffraction limitation by the same optical system, and such 
size by preparing two or more sorts of super resolution film with which sensibility differs mutually in an 
optical recording medium to such a problem. 

[0007] Moreover, although a super resolution technique can be divided roughly into a heat mode system 
and a photon mode system, generally actuation on single wavelength is impossible for what uses the 
photochromic film as super resolution film among photon mode systems, JP,10-320857,A is indicating the 
semi-conductor particle distribution film which realizes a nonlinear optical response using the absorption 
saturation phenomenon by the electronic excitation to exciton level or a conduction band from a filled 
band. When this semi-conductor particle distribution film is used as super resolution film, actuation on 
single wavelength is attained fundamentally. 
[0008] 

[Problem(s) to be Solved by the Invention] As mentioned above, the conventional technique is turned to 
improving the ingredient itself which constitutes the super resolution film, or acquiring the high super 
resolution effectiveness on both sides with the time of record and playback using the same optical system. 
However, sufficient super resolution effectiveness is not necessarily acquired only by these technique. 
[0009] This invention is made in view of this situation, and aims at offering the technique which can fully 
pull out the super resolution effectiveness. Moreover, this invention aims the super resolution 
effectiveness at easy and offering the technique which can fully be pulled out. 
[0010] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, this invention is 
an optical recording medium carry in the regenerative apparatus using the light converged on informational 
playback with the focal lens, the substrate which supports a laminated structure and said laminated 
structure with the super resolution film from which an optical constant changes according to the thin film 
Records Department and exposure light reinforcement is provide, and the thickness Ts of said super 
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resolution film, and the wavelength lambda of said light and the numerical aperture NA of said focal lens are 
inequality:Ts>0.5x (lambda/NA 2). 

The optical recording medium characterized by being alike and satisfying the shown relation is offered. 
[0011] Moreover, this invention The light converged from said super resolution film side with the focal lens 
towards said thin film Records Department to the optical recording medium equipped with the substrate 
which supports a laminated structure and said laminated structure with the super resolution film from 
which an optical constant changes according to the thin film Records Department and exposure light 
reinforcement is irradiated. By detecting the reflected light from said optical recording medium, it includes 
reading the information recorded on said thin film Records Department, and the thickness Ts of said super 
resolution film, and the wavelength lambda of said light and the numerical aperture NA of said focal lens are 
read-out of said information Inequality:Ts>0.5x (lambda/NA 2) 

The playback approach characterized by carrying out under the conditions with which are resembled and it 
is satisfied of the shown relation is offered. 

[0012] The optical recording medium of this invention may be a mold only for playbacks, or may be a 
recordable mold in which the both sides of playback and record are possible. In the case of the former, the 
thin film Records Department is usually the reflective film with which the pit was prepared corresponding 
to information. On the other hand, in the case of the latter, the thin film Records Department usually 
consists of laminated structures which come to carry out the laminating of record film and the reflective 
film at least. 

[0013] The optical recording medium of this invention may be an optical recording medium of the rewritable 
mold which informational record and informational elimination are repeated and can perform them like a 
phase change record medium or a magneto-optic-recording medium when it is a recordable mold, or may 
be an optical recording medium of the 1-time record elimination impossible mold which can record 
information once like a pigment system optical recording medium. 

[0014] Generally, some specification exists in an optical recording technique. By these specification, the 
wavelength of the light used for the reflection factor of an optical recording medium, size, a conflguration, 
record, and/or playback, the numerical aperture NA of a focal lens, etc. are defined clearly, and the optical 
recording medium, the record regenerative apparatus, etc. are designed based on these specification. For 
example, about CD, the wavelength lambda of the laser beam which the numerical aperture NA of a focal 
lens is 0.45, and is used is determined as 780nm. Moreover, about DVD, the wavelength lambda of the laser 
beam which the numerical aperture NA of a focal lens is 0.6. and is used is determined as 650nm. 
Furthermore, about HD-RAM, the wavelength lambda of the laser beam which the numerical aperture NA of 
a focal lens is 0.8. and is used is defined near 400nm. 

[0015] Although it cannot happen in the record regenerative apparatus or regenerative apparatus which 
cannot detach and attach an optical recording medium, the optical recording medium of various 
specification may be loaded with an optical recording medium with a removable record regenerative 
apparatus and a removable regenerative apparatus. Therefore, identification information for it to specify 
whether it is a thing corresponding to which specification is usually recorded on the optical recording 
medium, and it is identifying whether the optical recording medium loaded with a dismountable record 
regenerative apparatus, a dismountable regenerative apparatus, etc. in the medium from the identification 
information recorded on this optical recording medium is a thing based on which specification. In addition, 
the "identification information" said here is not restricted to what was recorded with the gestalt of a 
record mark like the pit established in the reflective film, but includes the reflection factor of an optical 
recording medium, the size of an optical recording medium, the geometrical description of an optical 
recording medium, etc. 

[0016] This invention makes the high super resolution effectiveness realizable by the very simple method 
of satisfy the relation show in the above-mentioned inequality to the wavelength lambda of the exposure 
light which it is lead from such identification information , or is actually use with equipment and the 
numerical aperture NA of a focal lens . and the thickness Ts of the super resolution film which constitutes 
some optical recording media so that it may explain in full detail later . That is, according to this invention, 
it becomes easily possible about the super resolution effectiveness to fully pull out. 
[0017] 

[Embodiment of the Invention] Hereafter, this invention is explained more to a detail, referring to a drawing. 
In addition, in each drawing, the same reference mark is given to a similarly similar component, and the 
overlapping explanation is omitted. 

[0018] First, the basal principle of a super resolution technique is explained. Drawing 1 is a graph which 
shows the ideal relation between exposure light reinforcement and the optical constant of the super 
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resolution film. An axis of abscissa shows the exposure light reinforcement P among drawing, and the axis 
of ordinate shows the permeability Tr of the super resolution film. In addition, the data shown in drawing 1 
assume the case where a light beam with intensity distribution uniform as an exposure light is used. 
[0019] The super resolution film has low permeability Tr, when exposure light reinforcement is under the 
critical power Pc, as shown in drawing 1 , and when exposure light reinforcement is more than the critical 
power Pc, permeability Tr is a high thin film. In addition, the critical power Pc is equivalent to the melting 
point, when the super resolution film consists of ingredients, such as Sb, Te, and GeSbTe. when the super 
resolution film consists of AgOx(es), it is equivalent to the decomposition temperature, and when the super 
resolution film consists of leuco coloring matter, it is equivalent to the heat tenebrescence temperature. 
Moreover, the critical power Pc is equivalent to the number of photons to which ring opening reaction fully 
advances, when the super resolution film is photochromic film, and when the super resolution film is semi- 
conductor particle distribution film, it is equivalent to the number of photons which results in absorption 
saturation. 

[0020] Drawing 2 is a graph which shows the intensity distribution of the gauss mold light beam after 
[ before the incidence to the super resolution film in which optical change shown in drawing 1 is shown ] 
transparency. An axis of abscissa shows the distance r from the core of a light beam among drawing, and 
the axis of ordinate shows the optical reinforcement P. Moreover, a curve 51 shows the intensity 
distribution of the light beam in front of the incidence to the super resolution film, and the curve 52 shows 
the intensity distribution of the light beam after penetrating the super resolution film. 
[0021] While a light beam spreads the super resolution film when incidence of the light beam of a gauss 
mold is carried out to the super resolution film as shown in drawing 2 , the light beam periphery section 
whose optical reinforcement is under the critical power Pc is intercepted, and only the light beam center 
section whose optical reinforcement is more than the critical power Pc penetrates it selectively. That is, 
the beam diameter after penetrating the super resolution film is reduced compared with the incidence front 
to the super resolution film. This is the basal principle of a super resolution technique. 
[0022] Next, the principle of this invention is explained. Drawing 3 is drawing showing roughly the condition 
that the light on which the optical constant converged the inside of a fixed field with the focal lens spreads. 
In addition, wO shows the beam diameter in a focal location among drawing, and Df shows the depth of 
focus. Peak power is the distance between the locations and focal locations which become 80% of the peak 
power in a focal location, and this depth of focus Df can be expressed with formula:Df=0.5x lambda/NA 2, 
such as the following, if the numerical aperture NA of a focal lens and the wavelength lambda of light are 
used. Moreover, the beam diameter in the location distant from the focal location distance Df is 
abbreviation 1.2xw0. 

[0023] As shown in d rawin g 3 , the beam diameter of the focusing light spread in the direction of z 
decreases towards a focal location, serves as the minimum value wO, and increases after that in a focal 
location. The rate of change of this beam diameter is dramatically large in the location separated from the 
focal location beyond the distance Df near the focal location although it was small. 

[0024] With the conventional technique, the interface of the super resolution film and the thin film Records 
Department was doubled with the focal location, and the thickness of the super resolution film had set it up 
more thinly than the depth of focus Df. That is, with the conventional technique, after the beam diameter 
had decreased even to about wO, incidence of the light beam was carried out to the super resolution film. 
On the other hand, when the interface of the super resolution film and the thin film Records Department is 
doubled with a focal location by making thickness of the super resolution film thicker than the depth of 
focus Df, this invention makes the super resolution film exist also not only near the focal location but in 
the location where the rate of change of a beam diameter is big. and makes available the characteristic 
phenomenon acquired by it. 

[0025] Drawing 4 is the sectional view showing roughly the optical recording medium concerning 1 
operation gestalt of this invention. The optical recording medium 1 shown in drawing 4 has the thin film 
Records Department 4 prepared on the transparence substrate 2. the super resolution film 3 prepared on 
the transparence substrate 2. and the super resolution film 3. 

[0026] Drawing 4 shows relation with the light beam 1 1 used for playback of the information recorded on 
record or the optical recording medium 1 of the thickness of the super resolution film 3 of an optical 
recording medium 1, and the information on an optical recording medium 1. However, drawing 4 does not 
necessarily show the condition of having irradiated the light beam 1 1 actually at the optical recording 
medium 1 to accuracy. That is, in drawing 4 , the effectiveness of reducing the beam diameter brought 
about with the super resolution film 3 is not taken into consideration. 

[0027] If the focal location of a light beam 1 1 is doubled an interface or near [ its ] the super resolution 
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film 3 and the thin film Records Department 4 when the thickness Ts of the super resolution film 3 is 
thicker than the depth of focus Df as shown in drawing 4 The beam diameter wO of the light beam 1 1 in a 
focal location, and the beam diameter wi of the light beam 1 1 in the interface location of the transparence 
substrate 2 and the super resolution film 3, The beam diameter wr of the light beam 1 1 in the interface 
location of the super resolution film 3 and the thin film Records Department 4 satisfies the relation shown 
in inequality:wO <=wr<=1.12xw0 wr<wi. The effectiveness acquired by this invention is explained based on 
the above data, referring to drawing 5 and drawing 6 . 

[0028] Drawing 5 is a graph which shows roughly an example of the effectiveness acquired by this 
invention. An axis of abscissa shows the distance r from the core of a light beam 1 1 among drawing, and 
the axis of ordinate shows the optical reinforcement P. Moreover, a curve 53 is the intensity-distribution 
profile of the light beam 1 1 in the interface location of the transparence substrate 2 and the super 
resolution film 3. and a curve 54 is the intensity-distribution profile of the light beam 1 1 in the interface 
location of the super resolution film 3 and the thin film Records Department. If the critical power Pc of the 
super resolution film 3 is set up lower than the peak power in a focal location, while a light beam 1 1 will 
spread the super resolution film 3, the periphery section of the light beam 1 1 which is under the critical 
power Pc is interrupted. On the other hand, the center section of the light beam 1 1 which is more than the 
critical power Pc converges, while spreading the super resolution film 3 with penetrating the super 
resolution film 3 so that clearly from drawing 4 . That is. when the thickness Ts of the super resolution film 
3 is set up more thickly than the depth of focus Df. only the center section of the path phi 1 penetrates 
among the light beams 1 1 in the interface location of the transparence substrate 2 and the super 
resolution film 3. and this light beam center section converges on path phil'. and carries out outgoing 
radiation of the super resolution film 3. 

[0029] To it. when the thickness Ts of the super resolution film 3 is below the depth of focus Df, a light 
beam 1 1 spreads the super resolution film 3, without almost converging so that clearly from the explanation 
about drawing 3 . Therefore, the intensity-distribution profile of the light beam [ in / in this case / the 
interface location of the transparence substrate 2 and the super resolution film 3 ] 1 1 is almost equal to 
the intensity-distribution profile of the light beam 1 1 in the interface location of the super resolution film 3 
and the thin film Records Department. Therefore, although that periphery section that is under the critical 
power Pc is interrupted while a light beam 1 1 spreads the super resolution film 3 in this case, the path phi 

2 of the light beam center section which carries out outgoing radiation of the super resolution film 3 is far 
large compared with path phil' realized by this invention. 

[0030] Thus, according to this invention, compared with the former, the far big beam diameter cutback 
effectiveness is acquired. In addition, although the principle mentioned above is based on the argument like 
a model by seldom taking into consideration change of a beam profile while a light beam 1 1 spreads the 
super resolution film 3 supposing the case where the optical response to the light beam 1 1 of the super 
resolution film 3 is an ideal step function type etc.. it explains the phenomenon observed actually in a 
precision high enough. 

[0031] Drawing 6 is a graph which shows roughly other examples of the effectiveness acquired by this 
invention, drawing 6 — as the super resolution film 3 — more — the super resolution film (critical power 
Pel) of high sensitivity — a laminated structure with the super resolution film (critical power Pc2) of low 
sensibility — using — more — the super resolution film of high sensitivity — the transparence substrate 2 
side — and the beam diameter cutback effectiveness acquired when the super resolution film of low 
sensibility has been arranged more to the thin film Records Department 4 side is shown. In addition, like 
drawing 5 . also in drawing 6 , an axis of abscissa shows the distance from the core of a light beam 1 1 , and 
the axis of ordinate shows optical reinforcement. 

[0032] As mentioned above, only the center section of the path phi 1 penetrates the super resolution film 

3 among the light beams 1 1 in the interface location of the transparence substrate 2 and the super 
resolution film 3, and this light beam center section converges on path phi1', and carries out outgoing 
radiation of the super resolution film 3. However, actually, the permeability to the light of under the critical 
power Pc of the super resolution film 3 is higher than 0%, and the thickness of the super resolution film 3 is 
limited. And by this invention to which a beam diameter is changed a lot in the super resolution film 3 by 
focusing of a light beam 11, since optical reinforcement increases according to converging, even if the light 
beam periphery section is less than one critical power [ Pc ] reinforcement at the time of the incidence to 
the super resolution film 3, in case it carries out outgoing radiation of the super resolution film 3, the part 
may become one or more critical power Pc. That is, when a light beam 1 1 is irradiated at the super 
resolution film 3, the beam periphery section is not necessarily interrupted thoroughly actually. 

[0033] On the other hand, when an above-mentioned laminated structure is adopted, the light beam 
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periphery section which penetrated the super resolution film of the high sensitivity whose critical power is 
Pel can be interrupted by the super resolution film of the low sensibility which has the critical higher 
power Pc2, even if reinforcement is raised by converging. That is. the intensity-distribution profile of the 
transmitted light can be made more sharp in this case. In addition, such effectiveness can be acquired, 
when the laminated structure which carries out a laminating and becomes is adopted so that the super 
resolution film of three or more layers may be turned to an outgoing radiation side from an optical 
incidence side and it may become low sensibility one by one. Moreover, the above-mentioned effectiveness 
can be acquired when it is made to incline so that the sensibility of the super resolution film may be turned 
to an outgoing radiation side from an optical incidence side and it may fall continuously. 
[0034] Next, more detailed structure, each component, etc. of an optical recording medium 1 which were 
mentioned above are explained. The above-mentioned optical recording medium 1 may be a mold only for 
playbacks, or may be a recordable mold in which the both sides of playback and record are possible. That 
is, in the above-mentioned optical recording medium 1, informational record may be possible for the thin 
film Records Department 4, or it may be the reflective film with which the pit was established in the field 
by the side of the super resolution film 3 as a record mark. In addition, the optical recording medium 1 of a 
recordable mold includes the optical recording medium of a 1-time record elimination impossible mold 
which can record information once like the optical recording medium of the rewritable mold which 
informational record and informational elimination are repeated and can perform them like a phase change 
record medium or a magneto-optic-recording medium, and a pigment system optical recording medium. 
[0035] As an ingredient of the transparence substrate 2, a polycarbonate, polymethylmethacrylate, 
polyolefine, photopolymer coat glass, glass, etc. can be used. When the above-mentioned optical recording 
medium 1 is a mold only for playbacks, this pit can be imprinted as a record mark by forming a pit in the 
front face of this transparence substrate 2 on the front face of the reflective film which is the thin film 
Records Department 4. On the other hand, when the above-mentioned optical recording medium is a 
recordable mold, although the pit as a record mark is not prepared, a pit, a tracking groove, etc. 
corresponding to address information are usually prepared in the front face of the transparence substrate 
2. 

[0036] The transparence substrate 2 with which the pit and the tracking groove were prepared can be 
obtained according to a mastering process which is explained below. That is, the resist film is first formed 
on one principal plane of glass original recording. Next, corresponding to the pit and tracking groove which 
should form the resist film, it exposes using gas laser cutting equipment. After forming a resist pattern by 
carrying out the development of the resist film, sputtering of the plating seed layer is carried out to the 
field in which the resist pattern of glass original recording was formed, and La Stampa is obtained by 
carrying out a plating process further. Then, the transparence substrate 2 with which the pit and the 
tracking groove were prepared in the front face is obtained by performing injection molding using this La 
Stampa. 

[0037] In addition, the transparence substrate 2 may be a transparence cover layer which counters with 
the substrate (not shown) with which the substrate for forming the super resolution film 3 and the thin film 
Records Department 4 may be offered, and sequential formation of the thin film Records Department 4 and 
the super resolution film 3 was carried out, and is arranged. In the case of the latter, it is not necessary to 
necessarily form the transparence substrate 2. 

[0038] In the above-mentioned optical recording medium 1, the super resolution film 3 may be a thin film of 
a heat mode system, or may be a thin film of a photon mode system. 

[0039] As a thin film of a heat mode system, the thin film containing low-melt point point metals, such as 
Sb and Te, the GeSbTe film with a quick crystallization rate, the AgOx film of pyrolysis nature, the thin film 
containing heat decolorant leuco series coloring matter, etc. can be mentioned, for example. The super 
resolution effectiveness acquired by the heat mode system is based on the super resolution film 3 being 
heated by optical exposure, and a part of constituent [ at least ] producing a certain thermal change, 
consequently an optical constant changing nonlinearly. For example, by the thin film and GeSbTe film 
containing Sb or Te, when the super resolution film fuses in the beam-spot center section where optical 
reinforcement is high, the optical constant changes nonlinearly. Moreover, by the AgOx film, when AgOx 
contained in the super resolution film pyrolyzes to Ag and O in the beam-spot center section, the optical 
constant changes nonlinearly. Furthermore, when the coloring matter and the color coupler which are 
contained in the super resolution film carry out thermal separation in the beam-spot center section, the 
rarefaction of the thin film containing leuco series coloring matter is carried out. 
[0040] On the other hand, as a thin film of a photon mode system, the photochromic film, the semi- 
conductor particle distribution film, etc. can be mentioned. By the photon mode system, the super 
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resolution effectiveness is acquired using the chemical reaction or electronic excitation by light. For 
example, in order to acquire the super resolution effectiveness by the photochromic film, the light from 
which the ring opening reaction of a photochromic ingredient and a ring closure reaction differ in 
wavelength mutually is irradiated, or one side of these reactions is advanced thermally. Therefore, when the 
photochromic film is used, generally complicated optical system is needed for equipment impossible 
[ actuation on single wavelength ] therefore. By the semi-conductor particle distribution film, the 
absorption saturation phenomenon by the electronic excitation to exciton level or a conduction band from 
a filled band is used. When the semi-conductor particle distribution film is used as super resolution film, 
since there are enough many incidence photons, the beam-spot center section where optical 
reinforcement is high shows a nonlinear optical response, without the ability for the electron number which 
can be excited not to be insufficient, or for the condition of top level not to be saturated, consequently 
absorbing an incidence photon further. Also when excitation and deexcitation of the electron which minds 
pure stability level when the semi-conductor particle distribution film is used arise, actuation on single 
wavelength is [ include ] fundamentally possible. 

[0041] As semi-conductor particle distribution film with which the super resolution effectiveness is 
acquired when light with a wavelength of 650nm is used among semi-conductor particle distribution film, 
the thin film which makes it come to distribute semi-conductor particles, such as CdSSe. Cu20, AgTe, 
SrSe. SrTe. CaSi. ZnTe. CdO, CdTe. GaSe. InS. AlSb. SbSe. CuAIS. and ZnSiAs. in an organic matrix can be 
used, for example. Moreover, as semi-conductor particle distribution film with which the super resolution 
effectiveness is acquired when light with a wavelength of 405nm is used, the thin film which makes it come 
to distribute semi-conductor particles, such as ZnSSeTe, CuCI. CuBr. AgCI, AgBr, Agl and ZnO, ZnSe. GaS, 
AlSe. AITe. and InO. PbO. TiO. in an organic matrix can be used, for example. Furthermore, what is 
necessary is just to use the semiconductor material which has the gap length near the wavelength of the 
light to be used as an ingredient of the above-mentioned semi-conductor particle, in using the light of 
wavelength other than the above for record or playback. 

[0042] On one principal plane of a substrate 2, the semi-conductor particle distribution film can apply the 
coating liquid with which the semi-conductor particle was distributed with a spin coat method etc. into a 
liquefied organic matrix, and can form it by stiffening a liquefied organic matrix. In addition, such coating 
liquid can mix the solution of the organometallic compound containing each element which constitutes a 
semi-conductor at a predetermined rate, and can prepare it by carrying out temperature up to suitable 
temperature. This coating liquid is an undiluted solution, or a spin coat agent etc. can be added, 
concentration adjustment of it can be carried out suitably, and it can be used. Moreover, the thickness of 
the semi-conductor particle distribution film is controllable by the dilution of coating liquid, or the substrate 
rotational frequency in the case of a spin coat. 

[0043] When particle size of a semi-conductor particle is made smaller, it can perform lengthening an 
excitation life and producing absorption saturation easily according to a quantum size effect, making more 
remarkable absorption of the level which is easy to carry out absorption saturation, for example, exciton 
level , etc. The particle size and concentration of a semi-conductor particle are controllable by the 
concentration of the organometallic compound in an organometallic compound solution, the mixing ratio of 
an organometallic compound solution, reaction temperature, etc. In addition, since growth of a particle will 
reach saturation if generation of a particle advances to some extent even if it is which conditions, the 
particle of uniform size can be obtained. 

[0044] The super resolution film 3 may be having sensibility set up, or may be having sensibility set up so 
that the super resolution effectiveness may be acquired mainly at the time of playback, and the super 
resolution effectiveness may be acquired mainly at the time of record. The sensibility of the super 
resolution film 3 can be adjusted by changing for example, electron transition energy by the photon mode 
system by changing the melting point by the heat mode system. 

[0045] In the optical recording medium 1 of the mold only for playbacks, even if it narrows spacing during 
each record mark and forms the record mark (pit) of under the diffraction limitation of a regenerative 
apparatus by setting up the sensibility of the super resolution film 3 so that the super resolution 
effectiveness may be acquired at the time of playback, it is reproducible with high resolution. That is. 
recording density can be raised remarkably. 

[0046] Moreover, when the both sides of record and playback were possible, i.e.. the sensibility of the super 
resolution film 3 is set up in the optical recording medium 1 of a recordable mold so that the super 
resolution effectiveness may be acquired mainly at the time of playback, it is difficult to make size of a 
record mark remarkably small. However, even if it narrows and records spacing during each record mark, it 
becomes possible to reproduce with high resolution. 
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[0047] Furthermore, when the sensibility of the super resolution film 3 is set up so that the super 
resolution effectiveness may be acquired mainly at the time of record, the both sides of narrowing and 
recording spacing between making size of a record mark remarkably small and each record mark are [ in / 
the optical recording medium 1 of a recordable mold ] possible. In this case, since it is difficult to 
reproduce with high resolving power in the same optical system as the optical system used for record, the 
optical system used for record should just prepare independently the optical system which made the beam 
diameter smaller. 

[0048] When an optical recording medium 1 is a recordable mold, as indicated previously, the information 
recorded as a mark of forming the record mark of the size of under a diffraction limitation by the same 
optical system and such size can be read by preparing two or more sorts of super resolution film with 
which sensibility differs mutually in an optical recording medium 1. In this case, the both sides of the super 
resolution film of high sensitivity and the super resolution film of low sensibility can be stationed to an 
optical incidence side to the thin film Records Department 4. Or the super resolution film of high sensitivity 
may be arranged to an optical incidence side to the thin film Records Department 4, and the super 
resolution film of low sensibility may be arranged between record film and the reflective film. 
[0049] In the case of the latter, compared with the former, when controlling the optical loss at the time of 
playback, it is advantageous. In addition, since the thickness of record film is as thin as about 10-30nm, 
many of incident light is penetrated to a reflective film side, it is refiected by the reflective film and this 
transmitted light usually returns to a record film side. Since it is greatly influenced by the multiplex cross 
protection brought about with the interference film etc., the sensibility of record film can reduce the path 
of the light beam which returns from the reflective film to record film, when the super resolution film of low 
sensibility has been arranged between record film and the reflective film. Therefore, the both sides of super 
resolution record and super resolution playback are realizable by the same optical system like the case 
where the both sides of the super resolution film of high sensitivity and the super resolution film of low 
sensibility have been stationed to the optical incidence side to the thin film Records Department 4 also in 
this case. 

[0050] When preparing the laminated structure of two or more super resolution film in an optical incidence 
side to the thin film Records Department like the former, not each super resolution film needs to be thicker 
than the depth of focus Df, and its thickness of the laminated structure should be just thicker than the 
depth of focus Df. On the other hand, especially a limit does not have the thickness of the super resolution 
film with which it is arranged to the thin film Records Department 4 at an optical incidence side in the case 
of the latter in the thickness of the super resolution film arranged between record film and the reflective 
film that what is necessary is just more thickly than the depth of focus Df. However, the thickness of the 
super resolution film arranged between record film and the reflective film is under the depth of focus Df 
preferably. 

[0051] In order to realize the both sides of super resolution record and super resolution playback as 
mentioned above, when preparing two sorts of super resolution film with which sensibility differs mutually in 
an optical recording medium 1, as for the critical power of the super resolution film of low sensibility, it is 
desirable that it is several or more times the critical power of the super resolution film of high sensitivity. 
This is because record power differs from playback power remarkably. 

[0052] Moreover, as explained with reference to drawin g 6 , the laminated structure of the super resolution 
film of high sensitivity and the super resolution film of low sensibility is used as super resolution film 3, and 
when the laminated structure has been arranged so that the super resolution film of high sensitivity may be 
located in an optical incidence side, the intensity-distribution profile of the transmitted light can be made 
more sharp. If the relation shown in the inequality which the thickness Ts of the laminated structure 
mentioned above is satisfied, such effectiveness can be acquired even if optical recording media 1 are any 
of the mold only for playbacks, and a recordable mold. 

[0053] As a laminated structure of the super resolution film of high sensitivity, and the super resolution film 
of low sensibility, the laminated structure of Te film which is super resolution film of high sensitivity, and 
the GeSbTe film which is super resolution film of low sensibility can be used about a heat mode system, for 
example. In addition, when such a laminated structure is a heat mode system, it is desirable to prepare a 
transparence dielectric thin film between each super resolution film, in order to prevent that the 
ingredients which constitute them are mixed. 

[0054] About a photon mode system, the laminated structure of two or more ZnSSeTe particle distribution 
film with which for example, S content differs from Te content mutually as a laminated structure which 
shows the super resolution effectiveness to light with a wavelength of 405nm can be used. In this case, the 
ZnSSeTe particle distribution film with more [ contents / there are few S contents and ] Te contents is 
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used as super resolution film of high sensitivity, and the ZnSSeTe particle distribution film with few Te 
contents with more [ and ] S contents is used as super resolution film of low sensibility. If the energy gap 
(electron transition energy) of the ZnSSeTe particle distribution film has much Te, it will become narrow, 
and if there is much S, it will spread. Moreover, absorption saturation can be produced by such low power 
that there are few differences of the energy gap and exposure luminous energy. Therefore, the above- 
mentioned laminated structure can be obtained by adjusting S content and Te content as mentioned above. 

[0055] When the optical recording medium 1 mentioned above is CD, the wavelength lambda of the laser 
beam which the numerical aperture NA of a focal lens is 0.5, and is used is 780nm. Therefore, the 
effectiveness mentioned above by making thickness Ts of the super resolution film 3 thicker than 1.56 
micrometers in this case can be acquired. Moreover, when the optical recording medium 1 mentioned above 
is HD-RAM, the wavelength lambda of the laser beam which the numerical aperture NA of a focal lens is 
0.8, and is used is 410nm. Therefore, the effectiveness mentioned above by making thickness Ts of the 
super resolution film 3 thicker than 0.32 micrometers in this case can be acquired. Furthermore, when the 
optical recording medium 1 mentioned above is DVD, the wavelength lambda of the laser beam which the 
numerical aperture NA of a focal lens is 0.6, and is used is 650nm. Therefore, the effectiveness mentioned 
above by making thickness Ts of the super resolution film 3 thicker than 0.90 micrometers in this case can 
be acquired. 

[0056] According to the above-mentioned theory, the effectiveness of this invention becomes so 
remarkable that the thickness of the super resolution film 3 is thick. However, actually, the permeability of 
the super resolution film 3 to the light more than the critical power Pc is less than 100%. If it puts in 
another way, even if it is the light of high intensity, it will decrease by the super resolution film 3. Usually, 
since such attenuation differs according to the ingredient used for the super resolution film 3, the upper 
limit of the thickness of the super resolution film 3 is suitably set up according to the ingredient to be 
used. 

[0057] When the above-mentioned optical recording medium 1 is a mold only for playbacks, the thin film 
Records Department 4 is the reflective film with which the pit was established in the field by the side of 
the super resolution film 3 as a record mark as mentioned above. As an ingredient of this reflective film, 
metallic materials, such as aluminum alloy and Ag alloy, can be used. Moreover, when using light with a 
wavelength of 650nm as a playback light, metals, ceramics, etc., such as Cu, Au, and TiN, can be used. The 
reflective film can be formed by the sputtering method etc. The thickness of the reflective film is usually 
50nm or more, and, in many cases, is set as about lOOnm. 

[0058] When the above-mentioned optical recording medium 1 is a recordable mold, if the thin film Records 
Department 4 has the record film which can record information once like the record film which 
informational record is repeated and can perform it like phase change record film or the magneto-optic- 
recording film, or pigment system record film, especially a limit will not have it. As an ingredient of phase 
change record film, GeSbTe and AglnSbTe are typical, and TbFeCo is typical as an ingredient of the 
magneto-optic-recording film. In addition, optical change differs in that the super resolution film 3 and the 
thin film Records Department 4 have memory nature by the latter to being maintained while optical change 
is continuing the optical exposure fundamentally in the former. 

[0059] When the thin film Records Department 4 is possible for informational record, in addition to record 
film, the thin film Records Department 4 usually has the reflective film. The reflective film is arranged so 
that record film may intervene between the super resolution film 3 and the reflective film. What was 
explained about the mold only for playbacks as an ingredient of such reflective film can be used. 
[0060] Moreover, when the above-mentioned optical recording medium 1 is a recordable mold, it is 
desirable to adopt the structure which pinched record film by the interference film of a couple for the 
purpose of optimization of the optical property of the thin film Records Department 4, protection of record 
film, etc. As an ingredient of such interference film, when record film is phase change record film, generally 
ZnS-Si02 etc. is used, and when record film is magneto-optic-recording film, generally SiN is used. 
[0061] In the optical recording medium 1 mentioned above, it is desirable that the reflection factor in the 
interface of the transparence substrate 2 and the super resolution film 3 is set up lower than the reflection 
factor in the interface of the super resolution film 3 and the thin film Records Department 4. In this case, 
even if it does not carry out especially focal adjustment, a focal location can be automatically doubled with 
the interface of the super resolution film 3 and the thin film Records Department 4. Accommodation of 
such a reflection factor may be performed by carrying out by choosing suitably the ingredient used for 
each component, or preparing an antireflection film between the transparence substrate 2 and the super 
resolution film 3. 
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[0062] A refractive index consists of an ingredient which is nar, and an antireflection film is a transparence 
thin film whose thickness is lambda / 4nar extent. An antireflection film can be formed by the sputtering 
method etc. and can mention ZnS-Si02, SiN, SiO, AIN, AlO, TiO, etc. as the ingredient, for example. 
Although an antireflection film may be monolayer structure, it can acquire the more remarkable acid- 
resisting effectiveness by considering as the laminated structure which carries out a laminating and 
becomes so that refractive indexes may differ mutually among what adjoin each other in two or more thin 
films. 
[0063] 

[Example] Hereafter, the example of this invention is explained. In each example explained below, the 
optical recording medium which has the super resolution film of the optical recording medium and photon 
mode system which have the super resolution film of a heat mode system is produced, and each dynamic 
assessment is performed. The super resolution film used in these examples first of all about each example 
before explaining separately is explained. 

[0064] In the following examples, Te film was used as super resolution film of a heat mode system. 
Moreover, the semi-conductor particle distribution film in which a CdSSe particle is distributed in an 
organic matrix, and it becomes as super resolution film of a photon mode system, and an optical response 
is shown to light with a wavelength of 650nm. and the semi-conductor particle distribution film in which a 
ZnSSeTe particle is distributed in an organic matrix, and it becomes, and an optical response is shown to 
light with a wavelength of 405nm were used. 

[0065] Te film which is super resolution film of a photon mode system was formed by the sputtering 
method. More specifically, Te film was formed by heating a substrate with IR lamp at the time of sputtering 
as a thin film of the crystalline substance which has predetermined thickness. In addition, since it will fuse 
if laser heating of the Te of this crystalline substance is carried out, and that extinction coefficient falls, 
permeability increases in the fusion zone of Te film. Moreover, since crystallization of Te advances 
promptly, fused Te returns to Te of a crystalline substance, shortly after ending heating. As for the 
permeability of Te film, it is possible to make it change reversibly by such principle. 

[0066] On the other hand, the above-mentioned semi-conductor particle distribution film was formed by 
performing the preparation process which prepares coating liquid by the organic synthesis method, using an 
organometallic compound as a raw material, and the spreading process which carries out the spin coat of 
the coating liquid on a substrate one by one. If a laser beam is irradiated at the semi-conductor particle 
distribution film, by electronic excitation, excitation level will be saturated with the exposure section and 
permeability will rise in it. Moreover, after ending an optical exposure, it returns to the original condition by 
deexcitation. As for the permeability of the semi-conductor particle distribution film, it is possible to make 
it change reversibly by such principle. 

[0067] The coating liquid used for formation of the semi-conductor particle distribution film mixed the 
solution of the organometallic compound containing each element which constitutes a semi-conductor at a 
predetermined rate, and prepared it by carrying out temperature up to suitable temperature. According to 
such an approach, the coating liquid with which the semi-conductor particle was distributed in the liquefied 
organic matrix can be obtained. Moreover, this coating liquid was an undiluted solution, or the spin coat 
agent etc. was added, and carried out concentration adjustment suitably and used it. The thickness of the 
semi-conductor particle distribution film was controlled by the dilution of coating liquid, or the substrate 
rotational frequency in the case of a spin coat. 

[0068] Next, the property of the super resolution film used in each example etc. is explained. In addition, 
these properties were not acquired about the super resolution film formed as some optical recording media, 
and are acquired about the super resolution film sample which comes to form only the super resolution film 
on a substrate. 

[0069] The semi-conductor particle distribution film was produced as super resolution film on the same 
conditions as carrying out in the following examples, and the mean particle diameter of a semi-conductor 
particle and particle-size distribution were investigated about each semi-conductor particle distribution 
film. Consequently, when any of a CdSSe particle and a ZnSSeTe particle were used as a semi-conductor 
particle, the mean particle diameter of a semi-conductor particle was about 3nm, and particle-size 
distribution was less than 1 0%. In addition, when the thickness of the above-mentioned heat mode system 
and the photon mode system super resolution film was measured on the both sides of a palpation type 
thickness gage and an optical thickness gage, the result obtained by these thickness gages was in 
agreement in less than 10% of precision. 

[0070] Next, the super resolution property of a super resolution film sample was investigated. That is, using 
the high-power gas laser system, the laser beam whose beam diameter is several 100 micrometers and 
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whose power density is the uniform wavelength of 650nm within the beam spot was irradiated at the super 
resolution film sample, and the relation between exposure power density and permeability was investigated. 
The result is shown in drawing 7 and drawing 8 . 

[0071] Drawing 7 is a graph which shows the relation of the exposure power density and the permeability 
which were obtained about Te film of 1 micrometer of thickness. Moreover, drawing 8 is a graph which 
shows the relation of the exposure power density and the permeability which were obtained about the 
CdSSe film of 1 micrometer of thickness. In addition, in drawing 7 and drawing 8 , an axis of abscissa shows 
exposure power density P, and the axis of ordinate shows permeability Tr. 

[0072] As shown in drawin g 7 , permeability change of Te film is steep near the exposure power density 
corresponding to melting of Te. On the other hand, although the permeability change as Te film was not 
seen by the CdSSe film, big permeability variation was able to be checked. In addition, when same 
assessment was performed about Te film and the ZnSSeTe film using light with a wavelength of 405nm, 
relation almost equivalent to having been shown in drawing 7 and drawing 8 was obtained. 
[0073] Next, sequential explanation is given about each example. 

(Example 1) Drawing 9 is the sectional view showing roughly the optical disk concerning the example 1 of 
this invention. The optical disk 1 shown in drawing 9 is a mold only for playbacks, and has the structure 
where the laminating of the super resolution film 3 and the reflective film 5 which is the thin film Records 
Department 4 was carried out one by one on one principal plane of the transparence substrate 2. 
[0074] In this example, when the numerical aperture NA of a focal lens is 0.65, dynamic assessment 
mentioned later is performed about each in the case of being 0.85, so that it may mention later. In the case 
of the former, that by which the pit was formed in the field in which thickness is 0.6mm and the super 
resolution film 3 was formed as a transparence substrate 2 as recording information was used, and the 
optical disk 1 was obtained to the field in which the pit of this transparence substrate 2 was established by 
carrying out sequential membrane formation of the super resolution film 3 and the refiective film 5. On the 
other hand, in the case of the latter, the transparence substrate (not shown) with which thickness is 1.1mm 
and the pit was formed in one principal plane as recording information was used, sequential membrane 
formation of the reflective film 5 and the super resolution film 3 was carried out in the field in which the pit 
of this transparence substrate was established, and further, when thickness arranged the transparence 
substrate 2 which is 0.1mm on the super resolution film 3, the optical disk 1 was obtained. 
[0075] in addition, which case — also setting — criteria [ resolution / (**0.5x lambda/NA) / of optical 
system ] — carrying out — a Duty ratio — the pit pitch was changed and the signal of 50% of single 
frequency was recorded. Moreover, in the case of which, the super resolution film 3 was formed more 
thickly than the depth of focus Df. 

[0076] Next, dynamic assessment of these optical disks 1 was performed by the approach shown below. 
That is, after setting to a general optical disk evaluator the optical disk 1 first produced by the approach 
mentioned above, focusing and tracking adjustment were performed by about 0.5mW playback power, 
rotating a disk 1. next, the resolving power of optical system — the playback power from which a CNR 
value serves as max was chosen by irradiating the light beam which has the intensity distribution of a 
gauss mold on the truck in which the pit was formed in the pitch of the following, changing power. Playback 
power can be set up so that the transmission in the optical exposure section of the super resolution film 
may become it is low enough and high enough in the beam-spot center section in the beam-spot periphery 
section by this actuation. Information recorded on the above-mentioned optical disk 1 by the playback 
power set up by such approach was reproduced, and the relation between a pit pitch and a CNR value was 
investigated. 

[0077] In addition, the thickness of the transparence substrate 2 is collectively shown in the following table 
1 about the optical disk 1 which performed dynamic assessment by this example at the ingredient and its 
thickness Ts list of the super resolution film 3. Moreover, the wavelength lambda of the playback light used 
for dynamic assessment of an optical disk 1 , the numerical aperture NA of a focal lens, and the depth of 
focus Df are also collectively shown in a table 1. 
[0078] 
[A table 1] 
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[0079] Drawing 10 is a graph which shows an example of the relation of the pit length and CNR value which 
were acquired about the optical disk 1 concerning the example 1 of this invention. The axis of abscissa 
shows pit length among drawing, and the axis of ordinate shows the CNR value. Moreover, the inside of 
drawing and a curve 55 show the data obtained about the disk (2) of the above-mentioned table 1, a curve 
56 shows the data obtained about the disk (2) and the optical disk which has the same structure except 
having set thickness of the super resolution film 3 to 500nm, and the curve 57 shows the data obtained 
about the disk (2) and the optical disk which has the same structure except having not formed the super 
resolution film 3. 

[0080] If it compares with the optical disk which does not have the super resolution film 3 also in any of an 
optical disk which formed the optical disk 1 which formed the super resolution film 3 with a thickness of 1 .5 
micrometers, and the super resolution film 3 with a thickness of 500nm when pit length is set to less than 
500nm so that clearly from drawing 10 , pit length can be shortened more. However, the effectiveness 
differs greatly by the case where it is referred to as the case where thickness of the super resolution film 
3 is set to 1 .5 micrometers, and 500nm. That is, by setting thickness of the super resolution film 3 to 1 .5 
micrometers shows that it becomes possible to shorten pit length remarkable. 

[0081] Next, the disk (1) of the above-mentioned table 1 and the optical disk 1 which has the same 
structure were produced except the thickness of the super resolution film 3 differing. About these optical 
disks 1, the relation between the thickness Ts of the super resolution film 3 and the CNR value (CNR50) 
about the pit train whose mark length is the die length of the one half of the resolution of optical system 
was investigated. The result is shown in drawing 1 1 . 

[0082] Drawing 1 1 is a graph which shows an example of the relation between the ratio of the thickness Ts 
of the super resolution film 3 to the depth of focus Df obtained about the optical disk 1 concerning the 
example 1 of this invention, and a CNR value, the inside of drawing, and an axis of abscissa — a ratio — 
Ts/Df is shown and the axis of ordinate shows the CNR value (CNR50). 

[0083] Generally, CNR needs to be about 40dB or more, even if it is the case where mark length is made 
into the die length of the one half of the resolution of optical system so that clearly from drawing 1 1 — a 
ratio — CNR exceeding 40dB can be obtained by making Ts/Df higher than 1. especially — a ratio — the 
case where Ts/Df is made into about 1.25 - about 2.5 within the limits — CNR50 — 50dB or more thing — 
the high value was shown. 

[0084] in addition, CNR50 — a ratio — if Ts/Df becomes 2,5 or more, it will fall. If the thickness Ts of the 
super resolution film becomes thick, since optical pass will become long and the optical absorption in a 
beam-spot center section will increase, this is because it decreases in the process which spreads the 
super resolution film for a part of Mitsunari who should be penetrated and it becomes under critical power, 
therefore, a ratio — it is desirable that it is five or less, as for Ts/Df, it is more desirable that it is three or 
less, and it is most desirable that it is two or less. 

[0085] Next, the assessment explained above was related with the disk (1) of the above-mentioned table 1, 
and (3) - (8). Consequently, the inclination almost same with having been shown in drawing 10 and drawing 
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11 was seen. 

[0086] In addition, by the disk 1 produced by this example, since the reflection factor in the interface of 
the transparence substrate 2 and the super resolution film 3 was lower than the reflection factor in the 
interface of the super resolution film 3 and the reflective film 5, the focal location was able to be 
automatically doubled to the interface of the super resolution film 3 and the reflective film 5, i.e., a 
recording surface. However, if the reflection factor in the interface of the transparence substrate 2 and the 
super resolution film 3 becomes high superfluously depending on the ingredient used for the super 
resolution film 3 and is autofocus, a focal location may suit the interface of the transparence substrate 2 
and the super resolution film 3. Even in this case, although it is possible to double a focal location with the 
interface of the super resolution film 3 and the reflective film 5 by performing focusing offset preparation, it 
is desirable to set up lower than the reflection factor in the interface of the super resolution film 3 and the 
reflective film 5 the reflection factor in the interface of the transparence substrate 2 and the super 
resolution film 3. 

[0087] (Example 2) In this example, it proves about the effectiveness of the antireflection film and other 
examples mainly explain the super resolution effectiveness of an optical disk 1 . 

[0088] Drawing 12 is the sectional view showing roughly the optical disk concerning the example 2 of this 
invention. The optical disk 1 shown in drawing 12 is a recordable mold, and has the structure where the 
laminating of an antireflection film 6, the super resolution film 3. the interference film 7. record film 8. the 
interference film 9, and the reflective film 5 was carried out one by one on one principal plane of the 
transparence substrate 2. In addition, the interference film 7, record film 8, the interference film 9, and the 
reflective film 5 constitute the thin film Records Department 4. Moreover, in the optical disk 1 of such 
structure, the thickness of the thin film Records Department 4 except the reflective film 5 is usually set 
under to the depth of focus. 

[0089] In this example, the optical disk 1 shown in drawing 12 , using ZnS-Si02 film as interference film 7 
and 9 was produced, using the GeSbTe film as record film 8, using Te film with a thickness of 1 micrometer 
as super resolution film 3. Moreover, the optical disk 1 which has the same structure was also produced 
except not having the antireflection film 6. 

[0090] In addition, the reflection factor of the interface of the super resolution film 3 and the thin film 
Records Department 4 was 20% when record film 8 was in a crystalline substance condition, and when it 
was in an amorphous state, it was adjusted so that it might become about 0%. This is for acquiring high 
optical contrast between the record mark formation section and the agenesis section. Thus, when the 
reflection factor in a crystalline substance condition and an amorphous state was set up, the average 
reflection factor of the interface of the super resolution film 3 and the thin film Records Department 4 
after record was about 10%. Moreover, the reflection factor in the interface of the laminated structure and 
the transparence substrate 2 which consist of antireflection film 6 and super resolution film 3 in the optical 
disk 1 which formed the antireflection film 6 was about 3%, and the reflection factor in the interface of the 
super resolution film 3 and the transparence substrate 2 was about 15% in the optical disk 1 which does 
not have the antireflection film 6. 

[0091] Next, the record film 8 of these optical disks 1 was crystallized the first stage. Subsequently, the 
wavelength lambda of exposure light is 650nm, and the same approach estimated these optical disks 1 as 
the example 1 explained using the optical disk evaluator whose numerical aperture NA of a focal lens is 
0.65. 

[0092] Consequently, in the optical disk 1 which formed the antireflection film 6, the focal location was able 
to be automatically doubled on the occasion of the both sides of record and playback to the interface of 
the super resolution film 3 and the thin film Records Department 4. On the other hand, about the optical 
disk 1 which does not have the antirefiection film 6, the focal location was able to be automatically doubled 
to the interface of the super resolution film 3 and the thin film Records Department 4 in the condition 
before record. However, focal location of after [ record ] might suit to the interface of the transparence 
substrate 2 and the super resolution film 3, and playback might become difficult. 

[0093] in addition — if focal offset adjustment is performed and focusing is carried out to the interface of 
the super resolution film 3 and the thin film Records Department 4, even if the optical disk 1 does not have 
the antireflection film 6 — the die length of a record mark — the resolution of optical system — even if it 
was the following, the regenerative signal was able to be acquired by high CNR. However, in order to 
continue the actuation stabilized without such adjustment, it turned out that it is desirable to form an 
antireflection film 6 between the transparence substrate 2 and the thin film Records Department 4. 
[0094] (Example 3) This example proves the effectiveness acquired when the laminating of two or more 
super resolution film with which sensibility mainly differs mutually is carried out. 
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[0095] Drawing 13 is the sectional view showing roughly the optical disk concerning the example 3 of this 
invention. The optical disk 1 shown in drawing 13 is a mold only for playbacks, and has the structure where 
the laminating of the reflective film 5 which is the thin film Records Department 4. super resolution film 3of 
1 st a, 2nd super resolution film 3b, and the transparence substrate 2 was carried out one by one on one 
principal plane of the transparence substrate 10. In addition, 1st super resolution film 3a is low sensibility 
compared with the 2nd super resolution film (or critical power is high). Moreover, although not illustrated, 
corresponding to recording information, the pit is established in the field by the side of the reflective film 5 
of the transparence substrate 10, and these pits are imprinted by the field by the side of the transparence 
substrate 2 of the reflective film 5. 

[0096] In this example, UV resin substrate with a thickness of 0.1mm was used as a transparence 
substrate 2. This optical disk 1 has the structure suitable for the actuation under the conditions whose 
numerical aperture NA of a focal lens is 0.85. to the field in which the pit of the transparence substrate 1 0 
was established, can carry out sequential membrane formation of the reflective film 5, super resolution film 
3of ** 1st a, and the 2nd super resolution film 3b. and can acquire it by finally arranging the transparence 
substrate 2. 

[0097] Moreover, in this example, the ZnSSeTe particle distribution film was used as super resolution film 
3a of low sensibility, and super resolution film 3b of high sensitivity. In addition, the sensibility of these 
super resolution film 3a and 3b was adjusted, when it was higher, and there were few Te contents and S 
content in super resolution film 3a carried out compared with super resolution film 3b. Moreover, it 
presupposed that the thickness of super resolution film 3a and the thickness of super resolution film 3b are 
the same, and the thickness of the laminated structure which they form produced two or more mutually 
different optical disks 1 . 

[0098] Next, the relation between the thickness of the laminated structure which the super resolution film 
3a and 3b forms, and CNR50 was investigated by the approach same about these optical disks 1 as the 
example 1 explained, consequently, the data shown in drawing 1 1 — comparing — a ratio — Ts/Df — two 
or less range — CNR50 — 2-3dB — improving — CNR50 — a ratio — Ts/Df maintained the value of 
50dB or more to 1.1 to about 3.5. 

[0099] Thus, in case the reason whose CNR50 improved spreads the super resolution film of low sensibility 
to the screening effect by which the light beam periphery section is interrupted in case the super 
resolution film of high sensitivity is spread, it is superimposed on the screening effect by which the light 
beam periphery section is interrupted, and it is thought that it is because the intensity-distribution profile 
of the transmitted light was made more sharp, moreover, the ratio CNR50 indicates the value of 50dB or 
more to be — it can be considered that the reason the upper limit of Ts/Df was raised is because 
attenuation of too much light in the location distant from the focus was prevented since the power density 
of the light beam center section in the location distant from the focus was set up more highly than the 
power density from which the optical constant of the super resolution film changes. 
[0100] (Example 4) Drawing 14 is the sectional view showing roughly the optical disk concerning the 
example 4 of this invention. The optical disk 1 shown in drawing 14 is a recordable mold, and has the 
structure where the laminating of 1 st super resolution film 3a, the interference film 7, record film 8, the 
interference film 9, super resolution film 3of ** 2nd b, and the reflective film 5 was carried out one by one 
on one principal plane of the transparence substrate 2. In addition, the interference film 7, record film 8, 
the interference film 9, and the reflective film 5 constitute the thin film Records Department 4. 
[0101] The structure shown in drawing 14 is suitable when the numerical aperture NA of a focal lens is 
about 0.65. When the numerical aperture NA of a focal lens is about 0.85, it is desirable to adopt the 
reflective film 5, super resolution film 3of ** 2nd b, the interference film 9. record film 8, the interference 
film 7, super resolution film 3of 1 st a, and the structure that comes to carry out the laminating of the 
transparence substrate 2 one by one on the substrate which is not illustrated. 

[0102] In this example, the structure shown in drawing 14 was adopted and the polycarbonate disk with 
which the address pit and the tracking groove were formed of the mastering process was used as a 
transparence substrate 2. Moreover, the ZnSSeTe particle distribution film whose thickness Ts is 600nm 
as super resolution film 3a is used. As interference film 7, use ZnS-Si02 film of 60nm of thickness, and the 
GeSbTe film of 20nm of thickness is used as record film 8. As interference film 9, ZnS-Si02 film of 15nm 
of thickness was used, the ZnSSe particle distribution film of 200nm of thickness was used as super 
resolution film 3b, and the AgPdCu film of lOOnm of thickness was used as reflective film 5. Among these 
thin films, the super resolution film 3a and 3b was formed by performing preparation of the coating liquid by 
the organic synthesis method mentioned above, and spreading by the spin coat one by one, and formed 
each thin film other than these by the sputtering method. The optical disk 1 shown in drawing 14 as 
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mentioned above was produced. 

[0103] In addition, by changing the presentation of a semi-conductor particle and making an energy gap 
into a suitable value, the sensibility of the super resolution film 3a and 3b was adjusted so that it might 
become within the limits whose critical power of super resolution film 3b is 7-1 OmW so that it may become 
within the limits whose critical power of super resolution film 3a is 0.5-1 mW. 

[0104] Next, the wavelength lambda of exposure light is 405nm, and the record playback trial was 
performed to the above-mentioned optical disk 1 using the optical disk evaluator whose numerical aperture 
NA of a focal lens is 0.65. consequently, the case where the pitch of a record mark is 1/4 of the resolution 
(about 300nm) of optical system — also setting — 40dB or more thing — the high CNR value was 
acquired. Moreover, except the thickness of super resolution film 3a differing, two or more optical disks 1 
which have the same structure were produced, and the record playback trial was performed also about 
these optical disks. CNR and the ratio at the time of setting a mark pitch to one fourth of resolution based 
on the result obtained by this — when asked for relation with Ts/Df, the result of having been shown in 
drawing 1 1 and resemblance was obtained. 

[0105] (Example 5) This example explains an available optical disk unit to playback of the information 
recorded on the optical disk 1 produced in the above-mentioned example 1 - the example 4, or record of 
the information on the optical disk 1. 

[0106] Drawing 1 5 is drawing showing roughly the optical disk unit concerning the example 5 of this 
invention. The optical disk unit 21 shown in drawing 15 has an optical disk 1, a spindle motor 22, the focal 
lens 23, a half mirror 24, a laser light source 25, a photodetector 26, pre amplifier 27. the adjustable gain 
amplifier 28. the A/D-conversion circuit 29. the linearity equal circuit 30, the data detector 31, a decoder 
32, the drive controller 33. the actuation control system 34. the interface 35. the modulation circuit 36. and 
the laser driver 37. In addition, although beam plastic surgery prism and a half-wave plate are required for 
an optical disk unit 21, and a polarizer, an analyzer, etc. are usually required for it when an optical disk 1 is 
a magneto-optic disk, these members are omitted and drawn in drawing 1 5 . 

[0107] In the optical disk unit 21 shown in drawing 1 5 . an optical disk 1 is a mold only for playbacks, or a 
recordable mold, and this optical disk 1 is supported by the revolving shaft of a spindle motor 22 removable 
or impossible [ attachment and detachment ] so that the transparence substrate 2 may serve as drawing 
Nakagami sense. An optical disk 1 may rotate at a predetermined rotational frequency by controlling the 
rotational frequency of a spindle motor 22. 

[0108] Above the optical disk 1. the focal lens 23 which constitutes a part of pickup system is arranged. 
These pickup system and a spindle motor 22 are driven by the drive controller 33 through the actuation 
control system 34. Thus, by the drive constituted, focusing and tracking control are made possible at the 
control list of the rotational frequency of an optical disk 1. 

[0109] In this optical disk unit 21. the depth of focus Df of optical system is shorter than the thickness Ts 
of the super resolution film 3 of an optical disk 1 . That is. the thickness Ts of the wavelength lambda of the 
laser beam by which outgoing radiation is carried out from a laser light source 25. the numerical aperture 
NA of the focal lens 23. and the super resolution film 3 of an optical disk 1 has satisfied the relation shown 
in inequality:Ts>0.5x (lambda/NA 2). 

[01 10] Thus, it is performed by the following approaches, record of the information on the optical disk unit 
21 constituted performing focusing and tracking control in the control list of the rotational frequency of an 
optical disk 1 as mentioned above. That is. on the occasion of informational record, the basis of such 
control and the user data signal first incorporated through the interface 35 by the drive controller 33 are 
transmitted to a modulation circuit 36. A user data signal is changed into a sign bit train predetermined in a 
modulation circuit 36. A laser driver 37 drives a laser light source 25 corresponding to a sign bit train, and 
thereby, a laser light source 25 makes a pulse-like laser beam record light, and it carries out outgoing 
radiation. 

[01 1 1] Record light penetrates a half mirror 24, and is led to the focal lens 23, and convergent radiotherapy 
is carried out on an optical disk 1. Thereby, the record mark corresponding to a sign bit train is formed in 
the record film 8 of an optical disk 1. Record of the information on the optical disk unit 21 shown in drawin g 
15 is performed as mentioned above. In addition, what is necessary is just to change the output signal of a 
modulation circuit 36, the output signal of the actuation control system 34, etc.. in order to narrow and 
record the shortest mark pitch. 

[01 12] Moreover, it is performed by the following approaches, playback of the information on this optical 
disk unit 21 performing focusing and tracking control in the control list of the rotational frequency of an 
optical disk 1 as mentioned above. That is, outgoing radiation is carried out on the occasion of 
informational record, using the laser beam of playback power level as playback light also to that of such 
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control from a laser light source 25 first. In addition, the power level of a laser beam is controllable by 
making the output from a laser light source 25 into pulsed light with a fixed period, and setting up the 
period suitably. The playback light which carried out outgoing radiation from the laser light source 25 
penetrates a half mirror 24, and is led to the focal lens 23, and convergent radiotherapy is carried out on 
an optical disk 1. It is reflected by the half mirror 24, and the reflected light from the recording track of an 
optical disk 1 is led to a photodetector 26, and is changed into an electrical signal there. 
[01 13] The electrical signal from a photodetector 26 is amplified with pre amplifier 37 and the adjustable 
gain amplifier 28, and is changed into a digital signal after that in the A/D-conversion circuit 29. 
Subsequently, this digital signal is removed in the jitter component which is filtered in the linear 
equalization circuit 30 and originates in a noise. The data detector 31 is a digital disposal circuit which 
presumes a sign bit train by the maximum rye chestnut hood method for detecting data from the 
regenerative-signal wave which is a partial response and was equalized, and is specifically the Viterbi 
decoder. A decoder 32 restores the sign bit train detected by the data detector 31 to the original record 
data. Thus, the restored record data are outputted to the equipment exterior through the drive controller 
33 and an interface 35. Playback of the information on the optical disk unit 21 shown in drawing 15 is 
performed as mentioned above. 

[0114] In addition, the optical disk unit 21 shown in drawing 15 is a record and recordable mold in which 
reproductive both sides are possible. When using this optical disk 21 as the mold only for playbacks, it is 
not necessary to necessarily form a modulation circuit 36. Moreover, any optical system other than focal 
lens 23 and light source 25 is not restricted to the structure shown in drawing 15 , and various deformation 
is possible for it. 
[0115] 

[Effect of the Invention] When the interface of the super resolution film and the thin film Records 
Department is doubled with a focal location by making thickness Ts of the super resolution film thicker 
than the depth of focus Df, the super resolution film is made to exist also not only near the focal location 
but in the location where the rate of change of a beam diameter is big in this invention, as explained above. 
Therefore, according to this invention, the remarkable big super resolution effectiveness can be acquired 
compared with the conventional technique. That is, according to this invention, the technique which can 
fully pull out the super resolution effectiveness is offered. Moreover, according to this invention, easy and 
the technique which can fully be pulled out are provided with the super resolution effectiveness. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[ Drawing 1] The graph which shows the ideal relation between exposure light reinforcement and the optical 
response of the super resolution film. 

[Drawing 2] The graph which shows the intensity distribution of the gauss mold light beam after [ before 
the incidence to the super resolution film in which optical change shown in drawing 1 is shown ] 
transparency. 

[Drawing 3] Drawing showing roughly the condition that the light on which the optical constant converged 
the inside of a fixed field with the focal lens spreads. 

[Drawing 41 The sectional view showing roughly the optical recording medium concerning 1 operation 
gestalt of this invention. 

[Drawing 5] The graph which shows roughly an example of the effectiveness acquired by this invention. 
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[Drawing 6 ] The graph which shows roughly other examples of the effectiveness acquired by this invention. 



[Drawing 7] The graph which shows the relation of the exposure power density and the permeability which 
were obtained about Te film of 1 micrometer of thickness. 

[Drawing 8] The graph which shows the relation of the exposure power density and the permeability which 
were obtained about the CdSSe film of 1 micrometer of thickness. 

[Drawing 9] The sectional view showing roughly the optical disk concerning the example 1 of this invention. 

[Drawing 10 ] The graph which shows an example of the relation of the pit length and CNR value which were 
acquired about the optical disk concerning the example 1 of this invention. 

[Drawing 1 1] The graph which shows an example of the relation between the ratio of the thickness Ts of 
the super resolution film to the depth of focus Df obtained about the optical disk concerning the example 1 
of this invention, and a CNR value, 

[Drawing 12] The sectional view showing roughly the optical disk concerning the example 2 of this 
invention. 

[Drawing 13] The sectional view showing roughly the optical disk concerning the example 3 of this 
invention. 

[Drawing 14] The sectional view showing roughly the optical disk concerning the example 4 of this 
invention. 

[Drawing 15] Drawing showing roughly the optical disk unit concerning the example 5 of this invention. 
[Description of Notations] 

1 — optical recording medium; 2 and 10 — transparence substrate; — 3, 3a, and the 3b — super resolution 
film;4 — thin film Records Department; 5 — reflective film; 6 — antireflection film; 7 and 9 — interference 
film;8 — record film; 11 — light beam; 21 — optical disk unit; — 22 — spindle motor; 23 — focal lens; 24 - 
- half mirror; — 25 — laser light source; 26 — photodetector; 27 — pre amplifier; — 28 — adjustable gain 
amplifier; 29 — A/D-conversion circuit; 30 — linearity equal circuit; — 31 — data detector; 32 — 
decoder; 33 — drive controller; — 34 — actuation control system; 35 — Interface; 36 — modulation 
circuit; 37 — Laser driver; 51-57 — Curve 
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[0040] — :7;^ b h*i^<DMmt bTfi. 

m^6^mmt\^xn. mx.\-^. cdsse. cu2 0. 

AgTe^ SrSe^ SrTcx CaSi^ ZnTe^ 
CdO. CdTe. GaSe. InS. AlSb, Sb 

S e . C u A 1 S. SlI>*Z n S i a s fj:t<DX 9 ^c^¥^ 

h y ^ y^^^c^m^'^xfj^^nm^iA 

br fi. ^ij^-fi. ZnSSeTe. CuCl. CuB 
r> AgCK AgBr. AgK ZnO. ZnSe, 
GaS, AlSe, AlTe, InO. PbO. Rl/T 

m^'^x^j:^»m^mm-r^:ztt-x^ho is 
[0 0 4 2] ^mt^mwf-'T^w^mi^. m^i^. m&2(D 

m^com^xu^i.. m^^^j^um^^u-t^^tiicx^ 
xmrn-f-^^itTb^x^^a :z<DmT.mn. mmxt^tci^ 
y^ fc:'^33- hm^s:t*^mmi.xm's:^&mmi.xmm-r 
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xmm^mx^^o 

[0 04 3] ^^mi^'^^^(0^^^ ^ «9 < bfc* 
^{im^'^miiL, (7)P^it5l^J: «9^*tc-r5r ir/^^*;$5■r• 
&^it. Rxj^Rjt^^^^fj:ti^xoxmm'^mx&^^. ta 

[0044] ^^^11 3 ±t \^x^±^\^mm^'^ 
^tmh^hXoKm&^m'^^f\^x\^^xhx,<. 

-it ^ ^ t J: o T Pfin ^ -5 o 

[0 04 5] ^^Mmm,<n>%^m%w^ 1 tc^^ v^Tfi. s 

i.\fyY) 4:^ffi^-^-i5^rp1<oPBlPi^^46Tff^J?gb 
[0 0 4 6] 4fc. f5®St/??it03JJ:fer;&Sprtg/^, f^i 

-^-^Wi<r>f^m^WhX^m\^f^}i\^X\>. iSi/^^^gg 

[0 0 4 7] mm.'^^m(DmdMm,w^\\^^^^ 

0»Jx.«. briB^NFt:i®ft?&^:^7&5^tf5tb5J: 
9(-®ftl^]K3 0^^^iS:^b/c^^tCf;i, lES^-^-^ 

f^m^'^^x%mct^^h(Dw.:)jt^^mx^^^ ^(om 
^mKnm'r^%^^bm-(Dit^mx\tM\^^^m 
mx^^-r^^ttmmx^^cDx. mm^nm^^^ 

[0 0 4 8] immm^ 1 /5iSfE^pItgMT*fc6#^. 9t 

xmi^\m^^m(o^^ xcoieg^^— ^^jg^-r^s :i 

tJ^^cDj: 9^e-y--rX(D-^-i5^ t bTf5^$*xybm«SrS? 

^mm<Dmm^m<om^%:nm:mm^4\z.n\^xit7<f^ 
^f¥iKiE^g^4tc^bT^AttttijicE«b, ^mm<om 
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[0 0 4 9] ^^(Dm^. nti^\^it^r. m-^^<D^m 

^^-et^c L/ci7!i5oT. ^(om^h. mf^^(Dmmi^^ 
Rxf^mm(ommi^m<DM^^Mmmm^4{cM\^x^ 

[0 0 5 0] tfi^<7) J: 9 {:immmmm^Mi^xytAMm 
^(Dm^\^. nm^mM^\^n\.xit?^mm\z.m.w^ti 

[0 0 5 1] ±M<DX. 0 \z,mM\kuu:sLumMwn±(o 

[0 0 5 2] IIl6^#fiS,UTlftP^LfcJ: « 

ft?^M3 1 \^x^mi&<DmmmMt^m<&(Dmm\nMt 
t^it?^mm^{±m.^^ x o diss l/c:^^. ^^^(oi^ 

1 ^m^m-mm&m^m^mm<D\^^-rtixh-^xhn 
[0 0 5 3] mm^<Dmmm^ti&m}M(Dmnmmt(D 

[0 0 5 4] y';^ h Ky<{CoV>T(^. &S4 0 5 

nm<D^i,cMi.xmmi^^^^^irmmm^^t\^x. m 
n s s e T e u^^^^mm<Dmmmm^i&m'r ^ zt7^i> 
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^9#5-V^Z n S S e T e ^SSt^^J^tfclKf^i^iSacO® 

mi^mti^xmm^ti. s^mm^^^x^^<K<>T 

mmii^X ^>/.^V^Z n S S e T e ^SA^^J^tfc^tii&iSit 

^Pffi-r^r^(cj;t9. ±faooa/i«it*#^ r^id^T- 
[0 0 5 5] Jiigbfc^tfB^^ttf*:! ;^^CD-T:fc5:#'^. 
^H^U-V-XOBBPmNAfiO. 5'efci9-i.offiffl-r'5l^ 
— if t:^^— i^(Z)^SXf^ 7 8 0 nm-T^'fe^o b/t;65oT. 

i? < :i i: J: "9 ±5* byh^^:^^#^ ^ t ^^^X^ 5o 
±i^L.tc^mmmi^l:^^^nL>-RAMXh^m 
:*w#.l^>'X<7)5gPiS:NA(i0. S-r^fef^ J.o^^ffli- 
^ if t:^^— ^<DSgAf^4 1 0 nm-efc^o bfc^O^o 
T. ®ft?{^M3c7:)flli?Ts^O. 3 2 m met 

•9 4>i¥< -r-S r t tCct ii3£li bfci^$b;^^#^ :i <t ^^^X^ 

-g^. #,;Su>'Xcog|pi5:NAfio. 6-efc»9 5.oi£ffli- 

:L(Om^. ^Mi^^3(Om»Ts^0, 90timX 

[0 0 5 6] :^^m(D^j)^n. ±n^<Dmm{^xrii^. m 

«?^Jil3C0j^J¥;6Wv^(5,^^«*i:/<^^o b^i^b/c^;^^ 

3o@ig^(ii 0 o%*f*-efc^o t^st-nfs. 

(D^x^-DXhmMi^^3xm^^ti^o a^. ^(t^j: 

T% mnm^ 3 (z^sii^ojiiPSiiif^fSffit-^^^f^icj^r^ b-r 
[0 0 5 7] ±mitt^mmi^ 1 Ti^^s^irfflM-cfe^:® 

»«IlE^?fP4Ji. Jiili60j:9(C. ^fi?^Jli3iRiJC0ffi 

(;iSS^-^ — ^ i bT t°:y h:^m^1- ^tltcRkimXh^o 

^mun^m\^^^:it:^>xt^o i^tc. w±ytti.xm 

xmf^ir^-t:^-x^^o Rkimcommit. ii^fiso 

nm&.±X^^. ^<<Dm'^. 1 0 0 nmSiStcaS:^^ 

[0 0 5 8] ±u^mmmi^ 1 ^mm^mmxh^m 
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0 :ztt)*^-^m^J^Ummi:mir^h(DX-;htii^m:^mSin 

1 n s b T e :^^\m^x*i> 9 . ^m^^mm<Dunt b 

Tf^T b F e C o;ii5f-t^&^T'*>5o mmi^^S t 

[0 0 5 9] mm:tm^4^mm(ommf)^^^m^j:h(Dx 
<oi^nt\^x\'X. n^Mmm.\^m\^xmMvf^h<D^m 

1 0 0 6 0 1 *fc. ±Mmd.mmVf 1 ;6^te^^BgSl-r*fe 

%m^ji^^B^t\.x^ umm^-n<o=^wmx^m\^ 
^Ptt uTf^i. umm:tmmtummxh^m'^\z.\tz 

n S • S i 02>t,t^75l5-^(:lfflV^e)tb. f5^M;^^7ta^ 

[0 0 6 11 _ha!ufc7fefss^^f*i ^-*3v^rf^. m.m^ 
'r^^t\^x,^'<joxhx<. ^v^ti. ^0j*ts2ts 

3 t (^r«T tcSMESihK^^tt ^ c ^ J: 19 fro T 

[0 0 6 2] Rttl»Jl:IIf^. m^mti^nzrX^^i^Ptt^ 

mm^^^^y4narU&(Dmmnmx&>^o 

-tCO^nt LTfi> 0«J;t(^. Z n S • S i 02, Si 
N. S i O. A 1 N. A 1 O. RXJ^r i O^^^'^^tf ^ 

^ J: 9 iicmm LT >5 aiiltit t -r ^ :i <h J: 

[0 0 6 3 1 

T\:iBSimi-^^^mmx{t. \i-h^-\'j^(ommi^m: 

I 0 0 6 4 ] t;T<O||;te0ijT'JS. H—h'e—h'^COmm 



^•^S^fiK^i: LTJi. C d S S e 8Sc*ii^&*«-^ h H 

-C5t#*S«:^^^^»^ia^^5>tfcK. &T>\ Z n S S 
e T etSiKt^^W^-^ h U ^ ^^tf {c5^'«5:$-1i:T?5c 15 Jlo 

[0 0 6 5] 7;*- h:^^— K^K)a/4?^l^T'fc5T 
I 0 0 6 6 1 ±fB(7)^«(^miK^^^^«fcl^f4. 

[0 0 6 71 ^mf^'^n^^nm<Djf^^icm\'^^mT.m 

f y j5'^'=f {Ci|i*(*m*fc^35S^»$*x.fc:^XjSS:*#Sr 

[0 0 6 8] nkic, ^mmmxmm-r^mm^mo:>!i^ii. 

[0 069] £AT<O*Ji0iJ-CtT 9 © P ll^^W^mMiMi 

mti.x^^mt^'^m^^^mm^i'^mi^. ^tt-ettw^^ 
m^mt&m-<tzo tcomm. ^m^wtm- 1 \.x c d 

S S e ^ita^F-StJ^Z n S S e T e ^«it^=-OV''■fi^^ffl^^ 
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[0 0 7 01 mm^mi^>'::^^i^(omm^^^&m 

5 0 nmCOU— if tf— AS:fl§*tbT. !7 i: 

[0 0 7 1] 12 7 mmi fimcDT em^mi^xm^ 

[0 0 7 2] El 7 J: 9 T e ^(7)Si^^^>fl: 

fi. T e (oi^m^n^t>^'t^m^y<v—^m:^\%xm^'^ 

6:: <!r;6ST*#fCo J^cC^B, T e ^^T>-Z n S S e T e M(C 
OV^TK:i:4 0 5 n nK^Tt^is^ffl LT 1^^(75 l¥ffi^tfo 
fctr^. El 7^0^111 8 tc^LfciOi:f5t^|^^0^^;6S 

[0 0 7 3] ^%mm^r>\i^x. wiKmrn^^o 

[0 0 7 41 **J£0ijT*(:i. =^5£Ei-^ ct 

ffij^Wffi*. ^..^i^>^X(^gBPifcNA;6so. es-efo'S 

V ^MzM\^mm^m 3 ms^EMm 5 ^niijc^^ 
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7L\lW^t> 0 , 1 mm-efo^jgP>^a*S 2 ^WM^^^ ^ i: 

[0 0 7 5] /,^jb\ V^-rtL<D:g'a^tC^5V^Tt>. %^^<D 
5><5ltg (^0. 5Xjl/NA) ^Smi:br. Duty 

*-r 5 ^ - ^ ^ ^ 17 - ^ a>fb ^ it ?i ?3 fiaM-r ^ r <h 

h ^-^SPX+^^ciiS < 5 J: 9 tcs*.'^" r7 - ^iS:^-r ^ 

h e 5/ ^ ir C N R it ^ <^ ^ ^ o 

[0 0 7 7] ;i:io, &.T<Dm:i iiC^ ^mmmxm^mm 

^co8IJi:TsMOTCigP^S^2 0i?$^ai2!)T^i-o ^ 

[0 0 7 8] 
[«ll 
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A 




Of 








(nrO 


(nm) 


(nm) 




(1) 


■ e Ok 


1 ik V 1 n3 


0.6 


650 


0. 65 


770 




(2) 


CdSSetttR- 


1 c V 1 n3 
1 . 0 X 1 u** 


0.6 


650 


0.65 


770 




(3) 


le til 


1 . 0 1 0** 


0. 1 


650 


0.85 


450 


rv 


(4) 


mm 


0 w io2 


0.1 


650 


0. 85 


450 


V 
1h 


(5) 




0 X in2 

• ^ 1 u 


0.6 


405 


0. 65 


480 




(6) 


ZnSSeTa 


9k102 


0.6 


405 


0. 65 


480 




(7) 


Tan 


5x102 


0.1 


405 


0.85 


280 




(8) 


ZnSSeTe 
wmlJ l?JRXell 


5x1o2 


0.1 


405 


0.B5 


280 



[0 0 7 9] (giof^. ^mm(DmMmii:i^^^jfty'^ 

5{^±m^l<Dv^-( (2) tCoV^T#e);^fcx 
— ^^:^L. ft^5 6f^^^lt^3 60^Jf:^5 0 0 nm 

ti.ti:Lt&im:^y'-^ (2) tmm(Dmm^m^^ 

It « it ^ * i" 6 7t 7^ ^ >^ J C O V ^ T » n fc — ^ 

[0 O 8 0] Ej 1 0;5^^l^^7!l^7iJ: 5 fc*':yhfi:<^5 
0 0 nm^^t Lfc*^. ii:^ 1 . 5 iimCDmMikmS 

i:mftc^'f4^^ iRXJ^m^ 5 0 0 nm<DmMi^ms 

<t^3<^iKi?* 1 . 5 jtz Lfc^^^ 5 0 0 nm^ b 

[0 0 8 1] iSfctC. ffi^<fejK3<30JKif:;^»5S/.f^:i^i^^ 
VX±.U^l(D^-( (1) 

<7):^ST*fo^ t':y hyiJ{CB3-r^CNRf!l (CNR 5 0) 
[00 8 2] mi 1 fi. *MPJ<7)l^iS0y 1 \Z.m^^it'f-< 
3 cOJKi?T8 <DJt ^: C N R fit i: O^^.O— fiTfJ^^i- ^ 
{;iCNRfit (CNR 5 0) S:7J^UTV^-5o 



[0 0 8 3] — ^tC. CNR(14 0 d BSftJ^±X'fc5 



ItTs/Df^l J;»9 t>i«<'r6rt(Cj:«9 4 0 dB 

^±lE]^CNR^#6r ir^i^T't itTs/Df 
^Stll. 2 5--*^ 2, 5(D®iap^^ bfc^-a^iCfi, CN 
R 5 0ti5 0 d BaJLt(7)i*V>it^;^LfCo 
[00 84] /^:Jo. CNR50f^. itTs /^JDf 2 . 5 

5«TT'fc5r <h;6s&SL<. 3I^TT'fe'5:i 19 

[0 0 8 5] ^{c. a±IftP^b/cl¥ffl*_htE*l (75-7^^ 
(1) , (3) - (8) tcHb-Cttro/co 

[0 0 8 6] tS^B. 7^^J£^JxM^8S Ufc-r'^ 1 T* 

hi&^^^tctcisb. mmi^ms tR^m^ t<D^m, irtj: 

3 ^o#®tcio«t^SM^^S»fi^]S3 tS«IK5 ^ 
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[0 0 8 71 (^JS^y2) :^'^mmX-\^^ St*g6 
[0 0 8 8] iai2ft. *^P^(7:>3lte0iJ2tC#.^3t-7^^ 

bTl/^'So ^c^*5. ^#S17, lE^flgS. ^#^9. RXf 

[0 0 8 9] *^ife{^«jT*(i. ®^?<tSi3 t UTI?^ 1 /x 
m(7)T eJ^^ffiV^. ffi^i^S ^ bTG e S b T em&ffl 
V\ ^?^HI7, 9 ^ LTZ n S • S i 02B^^fflV^TEI 
1 2 tC^i-^fe^V ^ l«r{^*JL/Co *fc. RAtPAitBS 

[0 0 9 0] fs:^. mm\nM^tnm^mn^t<D^m 

(D^Mm^. tE^fl^8>6S^B^HK4^S(cfo>5:^^tC2 0% 
^9 ^ Ktfc^ fc 5 t:i J5 0 % ^ 5 <J: 9 

ix\t.^ mu^^^tm.m^m2t(D 

[0 0 9 1] wixb^tr"^;^^ icoi£^M8^Ha 

[0 0 9 2] ^(D^^. Sttl55JJiJK6SrS*ttfc*'Z^-<;^ 

mumm'S^4 t(D^micMi.x^m^^cMMi±mi:'^t> 

[0 0 9 3] l;5SSMP;5lhJ3l6&^L 
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[0 0 9 4] imMms) :^mmmxi^. svmc 

[00 9 5] Hi 3 fi. *^?^<DjlIfi0iJ 3 t;i#.65t'7^^ 

;^^^«t0&6^i-^i~»fffi[a-c^fc'5o HI 1 3ic^i-^T^^ 

3 a. m 2 (Dmmmm 3 b . Rxfmm&m 2 :^m^mm 

^2 0ffiftH^JKt::J:b-<T{g:^ltt?fc^ (^v^fi. Eg#>^< 

[0 0 9 6] 7K*Jfe0ijX-Ji. iiP^S*S2 t bX. 

1 fi. .#w^.w>'X<DMP^NA;6S0. 8 5Xfe^*j4^T 
-C(Dtt^>^tcjgbfc1t3gSr*bT*3>9. gP^^Stg 1 0 (D fc" 

a. S:t;^m2<Dffiflf^felK3 b*|li&;*KL. «^tc]gP^ 

[0 0 9 71 -^fz. **3fe0»JT'fi. ffi^;ScOffiAI^Ji^3 
a S.I/*i^ScDffift?ftlK 3b^LTZnSSeTe WSi 
^^®:KSr{£fflUfCo ^^xe>®«^lK3 a , 3 b 

S ^^m^^ i i« < S.O T e J: 19 />/^ < -r ^ r 

B«3 b<o8Sj?t(iiwi-^ ^nfc;6^?i?^-r^ffle«as 

[0 0 9 8] ^tc, wixib^'r-r 1 t-ov>T. 
m 1 XUiPJ L:rcco ,t J; t) . ^^^J31 3 a , 

3 b;6S?f^^i-5ffiii«ig<7>ttj?:i:CNR 5 0 ^(DM^^S: 
l^-<fCo ^O^*. mi 1 iC^-Tx — i5^tCit-<, ];bT8 
/Df /5>S2JJJlT<D®illX(^CNR 5 0{:i2'-3 d Bf^Ji 
CNR 5 Oi^Ts/Df 1 . 1^-3. SSiS^X 
5 0 d BJW±(DflSSr$i}#UfCo 

[0 0 9 9] rcoj; 9 t-CNR 5 0;^S|^±L^cS* f*. 
5 0 d BWiKDM^^-ri^bTs/Df co±pgfii:;6S[Si6e5;tX 
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[0100] imMm 4 ) m 1 4 f^. :^mm(Dmmm 4 
[0 10 1] mi 4{C7jkirmi^^^. m^>i/>'X<^isp^ 

X(OBlPmNA;dS0. 8 5mST*fc^:g'a^(Cfi, 

9, fs@!:^8. T#j^7. mKommi^ms Ri^m 
[0102] :^mMmxi^. mi 4 tc:^-ri#it^sgffl 

^3 a LTfiJ^I¥TsdS6 0 0 nmT^fe^Z n S S e 

T e '^^^^T^mm^i^m Ti^JK ? i: u-r fij^s: e 0 

nmCDZ n S • S i 02lK*:^fflb. lE^ISS LTfi 
^i? 2 0 n m<^G e S b T e m^^m ^#1^ 9 b 
TfiJK/f:i 5 nm<OZ n S • S i 02lK^<*fflU. Sfl? 
^a^3 b t l^Xi-^m:J^2 0 0 nmCDZ n S S e ^JK-^-^J- 
«JK*rftffl b> S*fK 5 t UTJiKli: 1 O 0 n in(DA g 
P dCuJ^^r^^fflUfCo ^ftl«]K3 

a , 3 b {'im^vtimm^f$.m^x^mr.m<omm:^xf 

l^f^SSbfco 

[0103] /^^o. S^^fil 3a, 3 b cD^Sfi. 
0. 5 — 1 mWO®HF*gt/c?5J: 9t-&tJ^S<W<aJS3 b 
[0104] »CtC. fiStt^coiSfi: A. 4 0 5 n niX&> 

(D^Mnk (S^^3 0 0 nm) <0 1 / 4 -C^fo^^-g-tCiol/ 
4 0 d BJWJit>OiSV>CNRfiidS#ibtlfCc *fc. 



^^ht\z^ '7—^\fy=f'^'^Mm<Oi/4t\.fz.m^ 
Jd^Dtt'S, CNR,hitTs/Df 

mi i\c7Tz\^tL(otmu<^^^tmhMz.o 
[0 10 5] mmm^) ^nmmx\^^ ±.U(D'mmm 
i--mmm4x\'^m:\^ti%v'^ i(cfs»$;txfcitt^ 

[0 10 6] mi 5(i. ;*:^§^CO^S£0ij5t;i#.'5^7=V 

:^^mm.2l{t^ it'f^i 1. 2 

2. ^.^1^>'X2 3. ^^^-24. U-—' !f*ag2 

5. 3ti^aiS2 6. X!;t^^X2 7. ^^m%T>y2 

8. A/D'^^lHlifS2 9. Il?f^^ffi[llii& 3 0 . 
ttl[HlSS3 1. — ^3 2, hn — ^ 3 

3. fgiftSiJffil^ 3 4 . -<>'i5' — >^::n — ;^3 5. ^iSlHjS& 
3 6. St/U— if K7-r ^^3 7 ^*LTl^'5o iii 

[0 10 7] mi ^\Z.7T^^%'f >{:^^^^m.2 1 {C^oV^ 

•9. r(D5t7=^-<;^>:^ 1(1. ^0JS«2d5|l!Ef±f^# ^/^ 

b:°^ K/W^— 2 2<>0lH]te^S:^J^a-r'5::^(d<t 19. m 
[0 1 O 8] l<0±:^{C(i. fc"^>iJ^r 

o-gp^«;*i-6^.^.i^>'X2 3;i)sgfitt^ttri/>^o :i 

tc^\^^yPTvZr'2(^^Xy^:7.\fl^YjV^ — ^2.2\%^ iglb 
$IJW^3 4Sr^LT K^-r >^=3>- 3 3(31 J: oT 

[0 10 9] i:<7)^^-<>^^ig«2 1 r-(i. 

If— At^iSSA. M.^,U>'X2 3(7)r?8P»NA, S.t/^ 
T^^i'^^iJ' lC»^«?»)K3(7)JKi5Ts{l. :^^^:Ts> 
0. 5X (A/NA2) jC^i-K^.^^J£LTV^^o 

[0 110] r(DJ: 9tr«^$;h.53t'7='-r;^i5'KS2 i 

h o — ^ 3 3tcJ:oT>r — :7zc— ;^ 3 5 Sr:^M. 
TSl'9iZ^A/fcrL-if^->$^{t-i-^^piH3K3 6-^^te33l 

-r^o ^— i^*7^-i5^{t-^^l'^li[Hlss3 6T'0f:^coi?^t* 



-12- 



[0 111] iB^^fi. ^^—-7^9—2 4^m^\^xm 

ix6c ^ntcj:i9. ^y^^;^^ 1012^8^8 
[0 112] ^/ci. :i(D^'f^:^l!^mm2 1X-<Dmn<0 

bT:*..^.l^>-X2 3--tW;5^*X. 1 -b{C^3fe 

f^. ^^—y^=7—2AXm.^^fhX^m^^2^-^hM 

/T>^%m>^2^X'f^J^^M%^^}imk^f\^^o 

n — ^ 3 3S.r>V >-^-:7:n— ;^ 3 5 ^^LTaSg^l^as 
-^i:iii;'j^ix5o El i 5 >?.^aSg2 1 T*(7:> 

[0 1 14] ?i:|o, lai 5 {z.^ir^'f :^ ^ ^U2 li^ 

[0 115] 

9. mmmmtnm^m^t(o^m^W:miLm^^t>^ 
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±^mtLm\chmm{im^'^^^'^x\^^^o "^(Dtzisb. 
y^mmitcx^t. ^^^t^miccit^xmi^<:k^^j:mmi^ 

[igiffi(^)ffi*/^m5^] 

[m 1 ] mM^^i^&tmmmm<D^^it^^ t<Dm<Dmm 

[0 2] 1 {C7jkir^^mt^^irmnm^^(OAMm 
[US] %^'mit^-'^(0^'^\H^m^.\^:yXx^-^^ 

^fz.^t^&m^^m^^w^m^ff^'tmo 

[13 5] *^egtcj: <9#e5n6^:^<7>— ^J^IgB&Wtc^ 
[lae] *^?^tcJ:i9»e>n^^^*fDft!icc>^d*«EB&&^tc 
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